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SULFONATED CARBONAHROTIS MATERIALS 

FIELD OF THE INVENTION 

5 The present invention relates to the surface modification of various 

carbonaceous materials and compounds. More specifically, the invention provides 
improved methods for the incorporation of sulfonate functional groups onto the 
surface of carbonaceous materials and compounds and similarly provides several 
surface modified carbonaceous materials resulting therefrom. 

10 

BACKGROUND OF THE INVENTION 

The surface modification of carbonaceous compounds and materials has been 
widely explored as a means for achieving desired chemical and physical properties 

15 hot normally exhibited by carbonaceous compounds and materials. Specifically, the 
introduction of sulfonate substituents, which are hydrophilic in nature, has been 
perceived as a potential means for enhancing the self-dispersibility and long-term 
stability of carbonaceous compounds and materials. Traditionally, various additives, 
dispersants and surfactants were used to improve the dispersibility and long-term 

20 stability of carbonaceous compounds and materials in waterborne systems. However, 
these materials only show marginal improvement in the dispersibility and stability of 
such carbonaceous compounds. Additionally, such additives can increase the 
viscosity of a dispersion, which would be undesired for particular end uses such as ink 
dispersions and, in particular, ink jet formulations. Moreover, these additives add 

25 significant costs and are therefore economically unfavorable as well. 

To this end, several attempts have been made at sulfonating carbonaceous 
compounds and materials. However, these existing methods similarly produce, at 
best, undesired and marginal results. Specifically, the processes of the prior art 
30 present a considerable problem in that it is extremely difficult to avoid oxidation of a 
carbonaceous compound or material and the subsequent formation of tarry byproducts 
during the sulfonation reaction. Therefore, it is one obj ect of the present invention to 
provide an improved process tor the formation of sulfonated carbonaceous 
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compounds and materials that substantially minimizes the oxidation of the 
carbonaceous compoimd(s) and formation of undesired and problematic tarry . 
byproducts. 

5 Additionally, the processes of the prior art only succeed in providing 

sulfonated carbonaceous compounds and materials having a minimal degree of 
surface substitution. To that end, it is a further object of the present invention to 
provide sulfonated carbonaceous compounds and materials having a surprisingly 
substantially improved degree of surface modification and thereby resulting in 

1 0 superior dispersMiry and long-term stability in waterborne systems. 

. SUMMARY OP THE IN^TENTION 

15 - Among other aspects, the present invention is based upon inventive methods 

for the incorporation of sulfonate functional groups onto the surface of carbonaceous 
materials, and similarly provides several inventive surface modified carbonaceous 
materials resulting therefjom 

20 In a first aspect, the present invention provides a surface modified 

carbonaceous material comprising a plurality of sulfonate substituents -of the general 
formula -S0 3 M surface bonded thereto, wherein M is hydrogen or a cationic species, 
• and wherein the surface atomic concentration of sulfur present within the surface 
bonded S0 3 M moieties, measured by XPS, is greater than approximately 0.25%. 
25 relative to the total surface atomic concentration of the surface treated carbonaceous 
-material". 

In a second aspect, the present invention further provides a process for the 
manufacture of a surface modified carbonaceous material, wherein the process 
30 • comprises the steps of contacting an anhydride of the generic formula (R-CO) 2 0 with 
sulfuric acid under conditions effective to provide an organic sulfite intermediate of 
the generic formula R-fCCOO-SOsH, wherein R is an aliphatic substituent .The 
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process further comprises contacting a carbonaceous material with the organic sulfite 
intermediate provided in step a) under conditions effective to provide a surface 
modified carbonaceous material comprising a plurality of surface bonded sulfonate 
substituents of the general formula -SO3H. 

5 

In a third aspect, the present invention also provides several end use 
formulations, including an aqueous composition comprising a surface modified 
carbonaceous material according to the present invention and water. 

10 Additional advantages of the invention will be obvious from the description, 

or ma}' be learned by practice of the invention. Additional advantages of the 
invention will also be realized and attained by means of the elements and 
combinations particularly pointed out in the appended claims. Therefore, it is to be 
understood that both the foregoing general description and the following detailed 

15 description are exemplary and explanatory of certain embodiments of the invention, 
and axe not restrictive of the invention as claimed. 

BRIEF DESCRIPTION OF THE FIGURES 

20 • The appended Figures 1-4, which are incorporated in and constitute part of the 

specification, illustrate the effectiveness of the process of the present invention to 
provide sulfonated carbonaceous materials having high rates of substitution, by 
. plotting the X-ray Photoelectron Spectroscopy (XPS) spectrum of a sulfonated 
carbonaceous material of the present invention. 
25 . • . ; 

Figure 1 is a plot of the XPS spectrum of the carbon black used to prepare the 
sulfonated product of Example 1. 

Figure 2 is a plot of the XPS spectrum of the neutralized sulfonated carbon 
30 black produced in Example 1 . • 
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Figure 3 is a plot of the XPS spectrum of the sulfonated carbon blade 
produced in Example 1, mdicathig the percentage of oxygen species that are present- 
in the surface bonded sulfonate subfitituents. 

5 Figure 4 is a plot of the XPS spectrum of the sulfonated carbon black 

produced in Example 1 , indicating the percentage of sulfur species that are present in 
the surface bonded sulfonate substituents. 

Figure 5 is an illustration of a reaction scheme according to one embodiment 
10 of the present invention. 

DET AILED DESCRIPTION OF THE INVENTION 

The present invention may be understood more readily by reference to the 
15 following detailed description and any examples provided herein It is also to be 

understood that this invention is not limited to the specific embodiments and methods 
described below, as specific components and/or conditions may, of course, vary. 
Furthermore, the terminology used herein is used only for the purpose of describing 
particular embodiments of the present invention and is not intended to be limiting in 
20 anyway. 

It must also be noted that, as used in the specification and the appended 
cl aims , the singular forms "a," "an," and "the" comprise plural referents unless the 
context clearly dictates otherwise. For example, reference to a component in the 
25 ' singular is intended to comprise a plurality of components. 

Ranges maybe expressed herein as from "about" or "approximately" one 
particular value and/or to "about" or "approrimately" another particular value. "When, 
such a range is expressed, another embodiment comprises from the one particular 
30 value and/or to the other particular value. Similarly, when values are expressed as 



WO 03/099946 



PCT/US03/16321 



5 

approximations, by use of the antecedent "about," it will be understood that the 
particular value forms another embodiment. 

As used herein, a weight percent of a component, unless specifically stated, to 
5 the contrary, is based on the total weight of the formulation or composition in which 
the component is included. 

As used herein, the term "aHcyT refers to a parafSnic hydrocarbon group 
which may be derived from an alkane by dropping one hydrogen from the formula. 
10 Non-limiting examples include C 1 - Ci 2 allcane derivatives such as methyl, ethyl, 
propyl, isopropyl, butyl, t-butyl, and isobutyl. To this end, it should be understood 
that an alkyl substituent suitable for use in the present invention can be a branched or 
straight chain alkyl substituent. 

15 • As used herein, the term "nocculation" refers to the combination or 

aggregation of suspended or dispersed particles in such a way that they form small 
agglomerates. 

As used herein, the term "sulfonate substituent" refers to a functional 
20 substituent comprising the generic formula -S0 3 ~ . As it pertains the present 

invention, the sulfonate substituent can further comprise component M such that it has 
the general' formula -S0 3 M. For purposes of the present invention, M can be 
hydrogen or a cationic species such as sodirrm, potassium, hthium or arrrmomtini. 

25 As used herein, the term "surface bonded' 1 refers to a substituent that is 

• substantially bonded, either covalently or ionically, primarily or only to the outer 
surface of the carbonaceous compound or material. To this end, a substituent that is 
. "surface bonded" is substantially absent from the inside or core of the carbonaceous 
compound or material. 



30 
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As used herein, the term "canonic species" refers to a positively charged 
molecular or elemental species capable of forming an ionic bond with a sulfonate 
substituent as defined herein. Examples of cationic species suitable for use in with 
the present invention include, without limitation, ammonium, the group I alkali 
5 metals, e.g., lithium, sodium, potassium, rubidium, cesium and franciuni, as well as 
organic bases such as dimethylethanol amine (DMEA) and triethanol amine (TEA) 

As used herein, the term "XPS" refers to X-ray Photoelectron Spectroscopy. 
Accordingly, all XPS measurements disclosed berein have been conducted using the 
' 10 Physical Electronics 5802 Multiteclnrique with Al ELa X-ray source. 

As used herein, the term "carbonaceous material" is intended to include, 
without limitation, i) carbonaceous compounds having a single definable structure; or 
ii) aggregates of carbonaceous particles, wherein the aggregate does not necessarily 
15 have a unitary, repeating, and/or definable structure or degree of aggregation. For 
example, a carbon black material as used herein can be a carbon black compound 
having a definable structure or, alternatively, can also be an aggregate of 
carbonaceous particles wherein the exact structure or degree of aggregation is 
unknown 
• • 20 . • 

As used herein, the term "optional" or "optionally" means that the 
subsequently described event or circumstance may or may not occur, and that the 
description includes instances where said event or circumstance occurs and instances ■ 
where it does not. For example, the phrase "optionally substituted lower alky!" means 
25 that the lower alkyl group may or may not be substituted; and that the description 
includes both misubstituted lower alkyl and lower allcyl where there is' substitution. 

As used herein, by use of the term "effective," "effective amount, " or 
"conditions effective to" it is meant that such amount or reaction condition is capable 
- 30 of perfonning the function of the compound or property for which an effective 

amount is expressed. As will be pointed out below, the exact amount required will ' 
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vary from one embodiment to another, depending on recognized variables such as Hie 
compounds or materials employed and the processing conditions observed. Thus, it is 
not always possible to specify an exact "effective amount" or "condition effective to.' 1 
However, it should be understood that an appropriate effective amount will be readily 
5 determined by one of ordinary skill in the art using only routine experimentation 

As indicated above, the present invention relates to the incorporation of 
sulfonate derivatives, which are hydrophilic functional groups, onto the surface of • 
various carbonaceous materials and/or compounds. To Ibis end, in a first aspect, the 
10 invention provides a process for the manufacture of surface modified carbonaceous 
materials. 

In accordance with this aspect of the invention, one embodiment provides a 
process comprising the steps -of reacting an anhydride of the generic formula: 

15 ■ 




R R 



20 



with' a sulfuric acid under conditions effective to provide an organic sulfite 
intermediate of the generic formula: 



S0 3 H 



R 



bi rum, a plurality of C-H surface sites present on a carbonaceous material or 
compound to be surface modified can tben be reacted with the resulting organic 
25 sulfite intermediate set forth above, under conditions effective to provide a surface 
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modified carbonaceous material having a plurality of sulfonate substitaents, -S0 3 H, 
surface bonded thereto. 

According to the invention, R. is aliphatic, preferably selected from the Ci- C X2 
5 alley] substituents. Additionally, it should be understood that these alley] substituents 

can be straight chain or branched. Suitable examples include methyl, ethyl, propyl, 
• isopropyl, butyl, isobutyl, t-butyl and the lilee. In a preferred embodiment, R 

represents a methyl substituent such that the anliydride employed in the process is an 
acetic anhydride. It will be appreciated by one of ordinary skill in the art that such 
10 anhydrides; e.g. acetic anhydride, are well Icnown and commercially available and 
therefore need not be described in detail herein. 

To this end, the anhydride serves not only as a reactant for the formation of the 
sulfite mtennediate but can also serve as the solvent medium in which the reaction 

15 takes place. Therefore, the anhydride is preferably present in excess relative to the : , 
amount of both the carbonaceous compound or material and the acid As such, it will 
be appreciated that any excess amount will be suitable for carrying out the desired 
reaction, however, in a preferred embodiment, the weight ratio of armydride relative 
to the carbonaceous material is greater than approximately 2:1 . Likewise, the weight 

20 ratio of anhydride relative to the acid is preferably greater than approximately 5:1. 

As indicated above, the preferred acid for use in the process of the present- 
invention is a sulfuric acid capable of reacting with a suitable anhydride in order to 
form an organic sulfite intermediate. To this end, sulfuric acid having a wide variety 

25 of concentration strengths can be employed in the process. As suchi, it will be 
appreciated that the particular concentration desired will izltimately be dependent 
upon the particular anhydride and/or carbonaceous material utilized. However, in a 
preferred embodiment, the sulfuric acid is a commercially available sirlfuric acid 
having a concentration in the range of from approximately 90.0% to approximately 

30 98.0%; In a more preferred embodiment, the sulfuric acid concentration is in the 
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range of from approximately 93.0% to approximately 97.0% in a most preferred 
embodiment, the sulfuric acid is at least 95.0% concentrated sulfuric acid. 

It will similarly be appreciated that a varying amount of acid relative to the 
5 anhydride and/or carbonaceous material can be used in the process of the present 
invention. However, in a preferred embodiment, the weight ratio of acid relative to 
the anhydride is preferably not greater man approximately 1 :5. Likewise, the weight 
ratio of acid relative to the carbonaceous material is preferably in the range of from 
approximately 1:2 to approximately 1:3, including such ratios as 1:2.5. 

10 

As previously indicated herein, the process of the present invention can be 
used with a variety of carbonaceous compounds and materials. To this end, any 
carbonaceous compound or material can be used provided there are sufficient C-H 
edge sites capable of interacting with the organic sulfite intermediate under conditions 

15 effective to provide a desired surface modified carbonaceous material. Accordingly^ 
it is preferred that the carbonaceous material have an initial surface area of at least 
• approximately 25m 2 /g as measured by ASTM-D4S20. In a more preferred 

embodiment, when measured by ASTM-D4S20, the carbonaceous material will nave 
an initial surface area of at least approximately 100 m 2 yg. In still a more preferred 

20 embodiment, the surface area of the initial carbonaceous material will be greater than 
approximately 200 m 2 /g when measured according to the ASTM-D4820 method. 

Specific e xamp les of suitable carbonaceous materials and/or compounds 
include, without Irmitation, activated charcoal, finely divided carbon, carbon black, 
"25 graphite, fullerinic carbons, and nanocarbons. In a preferred embodiment, the 
carbonaceous material is a carbon black having a surface area greater than 
approximately 200 m 2 /g. 

In order to achieve a surface modified carbonaceous material or compound 
30 ' having increased levels of hydropMlicity, it may be desired, although not required, to 
further modify the surface bonded sulfonate substituents to provide a salt thereof. To 
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this end, in an alternative embodiment the process can further comprise the step of 
treating the surface bonded sulfonate subsutnents, e.g. -S0 3 H moieties, with one or 
more neutralizing agents under conditions effective to provide a sulfonate moiety of 
the genera] formula -SO3M surface bonded thereto, wherein M represents a cationic 
5 species as defined above. 

Suitable neutralizing agents include, without linritanon, alkali hydroxides, 
such as sodium hydroxide, potassium hydroxide, lithium hydroxide, ammonium 
hydroxide; alkali carbonates and bicarbonates, sucb as sodium bicarbonate, potassium 
10 bicarbonate, and the like; as well as organic bases such, as dimethyletbanol amine and 
iriefhanol arriine. Although any commercially available neutralizing agent and 
concentration thereof will suffice, the neutralizing agent is preferably a 0.5M, 0.75M, 
1M, 1.25M or 1.5M solution of sodium hydroxide. 

To this end, the chemistry and conditions required for neutralization of 
sulfonate suhstituents is commonly lenown to one of ordinary skill and need not be 
discussed at length herein Therefore, it will be appreciated that arriving at the 
optimum process conditions for achieving the desired degree and kind of 
neutralization will require no more than routine experimentation. However, in a 
preferred embodiment, the neutralizing agent is used in an amount and strength 
sufficient to provide a resulting pH of at least 8 . 

If desired, the surface modified carbonaceous material or compound 
containing a plurality of surface bonded sulfonate suhstituents, e.g., -SO3M and/or 
25' -SO3H moieties, wherein M is defined as above, can be washed with distilled water, ■ . 
filtered and/or dried in order to obtain substantially purified and/or isolated surface 
modified product 

In an alternative embodiment, the organic sulfite intermediate that reacts with 
30 the carbonaceous compound or material can be formed in situ so as to allow the 
process as described above to be performed in a single reaction. Accordingly, if 



15. 



20 
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desired, the process of the present invention can be performed by simultaneously 
reacting a carbonaceous material or compound to be surface modified with: (1 ) an 
anhydride as defined above; and (2) sulfuric acid as defined above, in a single 
reaction under conditions effective to provide an organic sulfite intermediate of the 
generic formula: 



^S0 3 H 



10 in situ and to subsequently provide a surface modified carbonaceous compound or 

material- comprising a pliirality of sulfonate substmienls; e.g., -S0 3 H moieties, surface . 
bonded thereto. 

It will be appreciated that the optimum reaction conditions for the in situ 
15 ' formation of the organic sulfite and subsequent reaction with the carbonaceous 
compound or material will, of course, vary depending on the particular anhydride, 
strength of the sulfuric acid, and/or the particular carbonaceous material selected to be 
surface modified. To this end, arriving at such optimum conditions v/ould be readily 
obtainable by one of ordinary sldl in the art or otherwise can be obtained through no 
20 more than routine experimentation. 

Nonetheless, in a preferred embodiment wherein the anhydride is acetic 
anhydride and the carbonaceous material is a carbon blade, preferred reaction 
conditions comprise heating the reaction components to a temperature in the range of 
25 from approximately. 60 °C to approximately 80°C for at least approximately 2 hours. 
In still a more preferred embodiment, the reaction components are beared to a 
temperature of at least approximately 70°C for at least approximately 2 bours. 



30 



Once again, irrespective of the embodied process used for preparing the 
surface modified carbonaceous compound, the resulting compound containing the 
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plurality of surface bonded sulfonate substituents, e.g. surface bonded -SO3H 
moieties; can be farther neutralized with a suitable neutralizing agent as described 
above. Therefore, those embodiments comprising the in situ formation of the organic 
sulfite and the subsequent reaction of the organic sulfite with the carbonaceous 
5 compound can further comprise the step of treating the surface bonded sulfonate 
substituents with one or more neutralizing agents under conditions effective to 
provide a sulfonate moiety of the general formula -SO3M surface bonded thereto, 
wherein M once again represents a cationic species as defined herein, such as lithium, 
sodium, potassium or ammonium. 

10 

As previously described herein, suitable neutralizing agents include, without 
limitation, alkali hydroxides, such as sodium hydroxide, potassium hydroxide, hthium 
hydroxide, arnmoninm hydroxide; alkali carbonates and bicarbonates, such as sodium , 
• bicarbonate, potassium bicarbonate, and the nice; as well as organic "bases such, as 
15 dimerhyleriyl amine and triethanol amine. Although any commercially available 
neutralizing agent and concentration thereof will suffice, in a preferred embodiment 
the neutralizing agent is a 1M solution of sodium hydroxide. 

Additionally, as set forth above, the process comprising the in situ formation 
20 of the organic sulfite intermediate and the subsequent reaction with a carbonaceous 
compound or material to provide a surface modified carbonaceous compound or 
material can further comprises the steps of washing with distilled water, filtering 
and/or drying the desired surface modified carbonaceous material in order to obtain 
substantially purified and/or isolated product. 

25 

It will be appreciated upon practicing the methods of the present invention that 
the inventive methods set forth above advantageously arrive at the desired surface 
modified carbonaceous materials and compounds in relatively high yields while 
• substantially minirnizing the production of undesired oxidative and tarry byproducts 
30 typically encountered in the art, such as those discussed in U.S. Patent No. 3,442,679 
to Rivin, et at 
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hi an alternative aspect, the present invention also provides the surface 
modified carbonaceous compounds and materials that result from the aforementioned 
•inventive processes. To this end, the surface modified carbonaceous compounds 
5 and/or materials according to the present invention exhibit several advantageously 
improved characteristics over those previously obtained in the art 

In accordance with this aspect, in one embodiment, the invention provides a 
1 0 surface modified carbonaceous material comprising a plurality of sulfonate 
substituents of the general formula -S0 3 H surface bonded thereto. 

Additionally, in an alternative embodiment, the invention similarly provides a 
surface modified carbonaceous material comprising a plurality of sulfonate 
15 substituents of the general formula -S0 3 M, wherein M represents a cationic -species as 
denned herein, including without limitation, ammonium and the group I allcali metals 
such as Hthium, sodium, and potassium. 

Moreover, as indicated by a thermometric titration with 1M NaOH, in a 
20 preferred embodiment, the .surface modified carbonaceous materials of the present 
invention preferably have a degree of surface modification such that the sulfonate 
substituents, e.g. -SO3H, and/or -S0 3 M moieties, are present in an amount greater 
than approximately 0. 1 milliequivalents per gram of the sulfonated carbonaceous 
compound. In a more preferred embodiment, a thermometric titration reveals that the 
25 degree of sulfonation is such that the amount of surface bonded sulfonate substituent 
is greater than at least 1.0 rrrilliequivalents per gram of the surface modified 
carbonaceous material. In still a more preferred embodiment, the surface bonded 
sulfonate substituent is present in an amount greater than at least 15.0 rnilhequivalents 
per gram of surface modified sulfonated carbonaceous material. To this end, as an 
30 object of the present invention, it should be understood that the sulfonated compounds 
and materials of the present invention can further comprise any degree of sulfonation 
falling wthin the above-mentioned values, or even exceeding said values. 
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In an alternative embodiment, Hie degree of sulfonate or presence of 
sulfonate substituents surface bonded to the carbonaceous compound or material can 
be measured by XPS (X-ray Photoelectron Spectroscopy): Accordingly, several 

5 embodiments of me present invention provide surface modified carbonaceous 

compounds or materials that exhibit a surface atomic concentration of sulfur within 
the sulfonate substituents, as measured by XPS (using the Physical Electronics 58Q2 
Multitechnique with AJ Ka X-ray source), of at least approximately 0.25%, 030%, 
035%, 0.5%, 0.8%, 1.0% 13%, 1.5%, 1.7%, 1.8%, 2.0%, 3.0%, 4.0%, 4.5% ox even 

10 5.0%. To this end, in a preferred embodiment, the surface atomic concentration of 
sulfur is in the range of from at least approximately 0.25% to approximately 5.0%, ox 
in the range of from 0.30% to approximately 5.0%, ox even in the range of from 
approximately 035% to' approximately 5.0% relative to the total surface atomic 
" concentration of the surface modified carbonaceous compound or material. It is to be 

15 understood, that when practiced with an appropriate carbonaceous material and 
reaction conditions, the present invention will further pro vide a surface mo dixled 
carbonaceous material wherein the surface atomic concentration of sulfur even 
exceeds the above-referenced ranges and values. Therefore, the degree of surface 
modification and measured surface atomic concentration of sulfur will be dependent, 
20 at least in part, on the surface area of the initial carbonaceous material that is used 

For example, with specific reference to Figure 2, which indicates the XPS 
surface atomic concentration spectrum of the neutralized sulfonated carbon blaclc 
composition of Example 1, the sulfur species contained within the sulfonate 

25 subsntuent is.present in an amount of approximately 0.4% relative to the total surface 
atomic concentration of the sulfonated carbon black compound. When compared to 
Figure 1, which similarly indicates the XPS surface atomic concentration spectrum of 
■ the carbon blaclc compound prior to sulfonation, i.e., 0.1%, it is revealed that, in 
accordance with one embodiment, the surface atomic concentration of surface bonded 

30 sulfur species has been enhanced hy approximately 300%, from approximately 0.1 % 
to approximately 0.4%. 
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Furibennaie, specific reference to Figure 4 reveals that approximately 89% of 
the surface bonded sulfur species measured in Figure 2 is present as a component of 
the surface honded sulfonate substituent Therefore, it follows that surface modified 
5 carhon black of Example 1 has a surface atomic concentration of sulfur present within 
the surface honded sulfonate substituents of approximately 0.36%, i.e., 89% of the 
0.4% surface atomic concentration of sulfur species measured in Figure 2. 

likewise, XPS measurement can he used to indicate the degree of surface 
10 modification by measuring the surface atomic concentration of oxygen species surface 
'bonded to the carbonaceous material before and after the sulfonation reaction. 

For example, with specific reference again to Figure 2, the surface atomic' 
concentration of oxygen present within the sulfonated carbon composition of Example 

15 1 is approximately 4. 1 %. This compares to an initial oxygen concentration of 1 2% - 
prior to sulfonation, as indicated by Figure 1 . Moreover, reference to Figure 3 
indicates that approximately 61.8% of the surface bonded oxygen -species are present 
as a component of the surface bonded sulfonate substituents. Therefore, it follows 
that surface modified carbon black of Example 1 has a surface atomic concentration 

20 of oxygen present within the surface bonded sulfonate snbstituents of approximately 
2.50%,' i.e., 61.8% of the 4.1% surface atomic concentration of oxygen species 
measured in Figure 2. 

In similar fashion, an XPS measurement can also be utilized to indicate the 
25 degree of surface modification by measuring the surface atomic concentration of the 
- entire sulfonate substituent, e.g., -S0 3 M, wherein M is hydrogen or a cationic species 
as defined herein. To this end, the surface modified carbonaceous compounds and 
materials of the present invention preferably exhibit a surface atomic concentration of 
the sulfonate substituent, when measured by XPS, in the range of from approximately 
30 0.25% to approximately 5.0%, including additional values of at least approximately 
0.5%, 1.0%, 1.5%, 2.0% 2.5%, 3.0%, 3.5%, 4.0%, and 4.5%. 
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As previously described herein, the carbonaceous compounds or materials can 
be any carbonaceous compound, material or composition provided it contains 
sufficient C-H edge sites capable of interacting with the organic sulfite intermediate 
5 under conditions effective to provide a desired surface modified carbonaceous 
compound, material or composition. 

Accordingly, it is preferred that the carbonaceous materials or compounds 
have an initial surface area of at least approximately 25m 2 /g as measured by ASTM- 
10 D4820. In a more preferred embodiment, when measured by ASTM-D4820, the 
carbonaceous material or compound will have an initial surface area of at least 
approximately 100 m 2 /g. In still a more preferred embodiment, the initial surface area 
of the carbonaceous compound will be greater than approximately 200 m 2 /g when 
measured according to the ASIM-D4820 method. 

15 

Specific examples of suitable carbonaceous compounds and materials include, 
without limitation, activated charcoal, finely divided carbon, carbon black, graphite, 
fullerinic carbons, and nanocarbons. In a preferred embodiment, the carbonaceous 
material is a carbon black having a surface area greater than approximately 200 m 2 /g. 

20 

Among {he several-advantages that are obtained by practicing the present 
invention, the smxkce modified carbonaceous materials and compounds of the present, 
invention exhibit an improved storage stability and dispersibility in aqueous and . 
waterborne formulations. 'Specifically, when tested after storage periods of at least 
25 " one week, one month or even three months, an aqueous dispersion "contrnmng the 
surface modified compounds and materials of the present invention will exhibit 
substantially no visual flocculation. 

Likewise, after similar storage periods of at least one week, one month or even 
30 three months, an aqueous dispersion of a surface modified carbonaceous compound as 
described herein will advantageously pass through a filter having a mesh size in the 
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range of from approximately 8 microns to approximately lOmicrons, such as a 
Whatman #42 filter paper, leaving substantially no visual agglomerates. 

Accordingly, fliese and other advantageous properties of the inventive surface 
5 modified compounds described herein facilitate their viability in several aqueous 
formulations. As such, in still another aspect, the present invention further provides ■ 
several end use formulations for the surface modified carbonaceous compounds and 
•materials set forth above. 

10 To this end, the present invention also provides an aqueous composition 

comprising a surface modified carbonaceous material as set forth above and water. 
The self dispersibility and long term stability of a surface modified carbon black 
according to the present invention is particularly suited for this embodiment as it can 
be used to provide a waterbome ink formulation suitable for use in, among other 

15 applications, inks and in particular, ink jet printing and related technology. 

To this end, when an ink dispersion is used in ink j et applications, it is 
necessary to eject the ink in the form of stable droplets through a minute orifice in the 
ink jet recording head or device. Therefore, it is very important that the ink 

20 formulation, and the pigment dispersion contained therein, remain dispersed and 
stable so as not to flocculate, ie., coagulate or agglomerate, and potentially clog the 
orifice. Advantageously, the self-dispersing sulfonated carbonaceous compounds and 
materials of the present invention remam steble mdefinitely when dispersed in 
waterbome systems. Additionally, these aqueous dispersions do not require the use of 

25 additional dispersing agents to remain stable, which may undesirably increase the 
viscosity of such a formulation. Moreover, ie need for such additional dispersing 
agents would render such dispersions economically undesirable due to the increased 
. costs associated therewith. 

30 When the sulfonated compounds and materials of the present invention are 

utilized in an aqueous dispersion, the surface modified carbonaceous compound, e.g., 
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carbon black, can surprisingly be present in an amount of from approximately 1 wt% 
to approximately 40 wt.% relative to the entire aqueous dispersion, in a preferred 
embodiment, the dispersion comprises in the range of from approximately 1 0 wt.% to 
approximately 40 wt.% of sulfonated carbon black. Furthermore, as indicated above, 
5 the aqueous dispersion remains stable indefinitely, exhibiting substantially no visual 
flocculation. 

Likewise, an aqueous dispersion according to these embodiments would 
therefore preferably comprise water in an amount ranging from at least approximately 
30 10% to approximately 99.0% by weight of the entire aqueous formulation. 

If desired, aqueous dispersions and formulations comprising the surface 
modified carbonaceous compounds of the present invention can further comprise one 
ormorehumectants selected from ethylene glycol, methylene glycol, propylene 
15 glycol, dipropylene glycol, polyethylene glycol, polypropylene glycol, alcohol 

derivatives such as ethanol, propanol, isopropanol and the like, and cellosolve. It will 
be appreciated that the humectant is optionally introduced as a means to maintain a 
substantially constant moisture content of the aqueous dispersions and formulations. 

20 Additionally, a waterborne formulation or dispersion according to the present 

invention can optionally contain one or more additional additives such as a polymer 
binder; e.g., Joncryl J-61 (Acrylic polymer, manufacture and available from S.C. 
Johnson Wax.), surfactants such as Surfynol 695 or Surfynol 7608, and one or more 
biocide compositions. 

25 

To this end, the polymer binder acts as a film forming component allowing a 
formulation such, as an aqueous ink, to have substantial fastness and staying potential 
thus allowing/the ink to bind to the medium once water and other optional solvents 
have evaporated. 



30 



WO 03/099946 PCT/US03/16321 

19 

Additionally, the incorporation of an optional biocide component may also be 
desired in order to control and/or prevent the potential growth of algae and other 
microorganisms, which are typically prone to develop in an aqueous system or 
formulation. 

5 

It will he appreciated that the aqueous dispersions comprising the sulfonated 
carbonaceous compounds of the present invention can be prepared using any milling 
or dispersing machine lenown to one of ordinary slciU in the art, including without 
limitation, shear stress machines such as a two or three roll mill, machines which 
10 disperse pigment particles with impact strength caused by the collision between media 
such as glass heads, zirconia beads, steel beads, agate beads, such as a oal] mill or 
pearl mill,' or even with machines that finely disperse pigment particles with a 
collision force or a shear stress among the pigment particles or between the pigment 
particles and a vehicle ot a wall surface, such as a kneader or an extruder. 

15 

EXAMPLES 

The folowing examples are put forth so as to provide those of ordinary skill in 
the art with a complete disclosure and description of how the compounds^ 

20 compositions, articles, devices and/or methods claimed herein are made and 
evaluated, and are intended to be purely exemplary of the invention and are not 
intended to limit the scope of what the inventors regard as their invention. Efforts 
have been made to ensure accuracy with respect to numbers (e.g., amounts, 
temperature, etc.); however, some errors and deviations may have occurred. Unless 

25 indicated otherwise, parts are parts by weight, temperature is degrees C or is at 
ambient temperature, and pressure is at or near atmospheric. 

The amount or property of a compound as provided herein means such amount 
as that capable of performing the function of the compound or property for which an 
30 amount is expressed. As will be pointed out below, the exact amount required will 
vary from process to process, depending on recognized variables such as the 
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compounds employed and the processing conditions observed. However, an 
appropriate amount may be determined by one of ordinary skill in the art using only 
routine experimentation. 

5 

Example 1: Preparation of Sulfonated Carbon Black 

100 grams of carbon blaclc (Raven 2500 Ultra, manufactured by Columbian 
Chemical Company, Marietta, Georgia, U.S.A.) having a surface area of 270 m 2 /g as 
measured by ASTM-D4820 and an oil absorption of 67 ml/lOOg as measured by 

ID ASTM-D2414 was added to a flask contaiiiing a nxixture of 20 ml of concentrated 
sulfuric acid (95.7%) and 300 ml of acetic anhydride. The reaction rrrbrture was 
continuously stirred for approximately 2 hours while being heated at a temperature of 
70 D C. After 2 hours, the reaction mixture was cooled and filtered by washing with 
distilled water. The resulting carbon black cake was then Te-dissolved in 300 mL of 

'15 disnlled water and subsequently neutralized with 1M NaOH solution. ' The resulting 
slurry was 'filtered and dried at a temperature of 1 10°C for a period of approximately . 
4 hours. 

The resulting product comprised a plurality .of sodium sulfonate substituents of 
20 the general formula -S0 3 Na as indicated by XPS measurement wherein the surface 
atomic concentration of sulfur was approximately 0.4% and the surface atomic 
concentration of sodium was approximately 1 .2% (See Figure 2). Likewise, reference 
to Figure 4 reveals that approximately 89% of the surface bonded sulfur species 
measured in Figure 2 was present as a component of the surface bonded, sulfonate 
" 25 substituent. Therefore, the surface modified carbon black product had a surface . 
atomic concentration of sulfur present within the surface bonded sulfonate 
substitients of approximately 0.36%, i.e., 89% of the 0.4% surface atomic 
concentration of sulfur species measured in Figure 2. 
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Example 2: Sample Wnterborne Dispersion Formulation 

A sample waterborne dispersion foitoulalion far use in an aqueous 
flexographic printing system would be prepared using a sulfonated carbon black 
compound as prepared in Example 1. The formulation would comprise: 

Water: 20.4 wt%. 

Isopropyl Alcohol: 3 .7 wt.% 

Sulfonated Carton Black ofExample. 1: 14.8 
Joncryl J-61 (Acrylic polymer, 

obtained from S.C. Johnson Wax ) 61.1 wL % 



Example 3 : Sample Ink Jet Formulation 

A sample ink jet formulation for use in an ink jet printing system would be 
prepared using a sulfonated carbon black compound as prepared in Example 1 . The 
15 formulation would comprise: 

Water 73.55 wt.% 

Glycerol 8.00 wt.% 

Diefhylene Glycol 1°- 00 

20 Surfynol 695 (Obtained from Air Products, 

AHentown, Pennsylvania) 3 .00 wt.% 

Surfynol 7608 (Obtained from Air Products, 

AHentown, Pennsylvania) • 2.50 wt.% 

' Sulfonated Carbon Black of Ex. 1 2.75 wt.% 

Biocide -P-20 wt.% 

Throughout this application, where various publications are referenced, the 
entire disclosures of these publications are hereby incorporated by reference into this 
application for all purposes. 

While this invention has been described in connection with preferred 
embodiments and specific examples, it is not intended to limit the scope of the 
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invention to the particular embodiments set forft, but on the contrary, it is intended to 
cover sucn alternatives, modifications, and equivalents as may be included within the 
spirit and scope of the invention as defined by the appended claims. For example, 
there are numerous variations and combinations of components and or conditions, 
5 e.g., the carbonaceous compound, sulfuric acid concentrations, the particular 
anhydride and the like that can be used to optimize the results obtained from the 
described embodiments. To this end, one skilled in the art will appreciate that in 
practicing the present invention, only reasonable and routine experimentation will be 
required to optimize such conditions. 
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WHAT IS CLAIMED IS: 

1 . A surface modified carbonaceous material, comprising a plurality of sulfonate 
substituents of the general formula -SO3M surface bonded thereto, wherein M 
is hydrogen or a cationic species, and wherein the surface atomic 
concentration of sulfur present within the surface bonded SO3M moieties, 
measured by XPS, is greater than or equal to approximately 0.25% relative to 
the total surface atomic concentration of the surface treated carbonaceous 
material. 

2. The material of Claim 1, wherein the surface atomic concentration of the 
sulfur is in the range of from approximately 0.25% to approximately 5.0%. 

3. The material of Claim 1, wherein the surface atomic concentration of the 
sulfur is in the range of from approximately 0.35% to approximately 5.0%. 

4. The material of Claim 1, wherein the carbonaceous material is carbon black, 
graphite, finely divided carbon, activated charcoal, fullerenic carbon, or 
nanocarbon. 

5. The material of Claim 1 , wherein the carbonaceous material is carbon black. 

6. The material of Claim 1, wherein M is a cationic species of sodium, 
potassium, lithium or ammonium. 

7. The material of Claim 1 , wherein M is sodium. 

8. The material of Claim 1, having a surface area greater than approximately 
200 m2/g. 
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9. The material of Claim 1 , wherein the plurality of sulfonate substituents are 
present in an amount greater than approximately 1.0 milliequivalents per gram 
of the modified carbonaceous material. 

10. The compound of Claim 1, wherein the material exhibits substantially no 
visual flocculation after a period of at least approximately three months when 
dispersed in an aqueous medium. 

11. A process for the manufacture of a surface modified carbonaceous material, 
wherein the process comprises the steps of: 

a) contacting an anhydride of the generic formula (R-CO^O with sulfuric 
acid under conditions effective to provide an organic sulfite 
intermediate of the generic formula R-(CO)0-S0 3 H, wherein R is an 
aliphatic substituent;'and 

b) contacting a carbonaceous material with'the organic sulfite 
intermediate provided in step a) under conditions effective to provide a 
surface modified carbonaceous material comprising a plurality of 
surface bonded sulfonate substituents of the general formula -S03H. 

12. The process of Claim 1 1 , further comprising treating the surface modified 
carbonaceous material provided in step b) with a neutralizing agent under 
conditions effective to provide a surface modified carbonaceous material 
comprising a plurality of sulfonate substituents of the general formula -S03M 
surface bonded thereto, wherein M is a cationic species. 

13. The process of Claim 12, wherein the cationic species is sodium, potassium, 
lithium or ammonium. 

14. The process of Claim 12, wherein M is sodium and wherein the neutralizing 
agent is sodium hydroxide. 
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15. The process of Claim 12, further comprising the step of filtering and 
substantially drying the surface modified carbonaceous material comprising a 
plurality of sulfonate substituents of the general formula -S0 3 M surface 
bonded thereto at a temperature of at least approximately 100°C. 

16. The process of Claim 1 L, wherein the carbonaceous material is carbon black, 
graphite, finely divided carbon, activated charcoal, fullerinic carbon or 
nanocarbon. 

17. The process of Claim 11, wherein the carbonaceous material is carbon black. 

1 8. The process of Claim 1 1 , wherein the anhydride is acetic anhydride. 

19. The process of Claim 1 1, wherein the sulfuric acid is at least approximately a 
95% concentrated sulfuric acid. 

20. ' The process of Claim* 1 1, wherein steps a) and b) s are performed in a single 

reaction by simultaneously contacting the carbonaceous material with: 

ii) the anhydride of the generic formula (R-CO)20; and 

iii) the sulfuric acid, 

under conditions effective to provide the organic sulfite intermediate of the 
generic formula R.-(CO)0-S0 3 H in situ and to provide the surface modified 
carbonaceous material comprising a plurality of surface bonded sulfonate 
substituents of the general formula -SO3H. 

2 1 . The process of Claim 20, further comprising treating the surface modified 
carbonaceous material with a neutralizing agent under conditions effective to 
provide a surface modified carbonaceous material comprising a plurality of 
sulfonate substituents of the general formula -S03M surface bonded thereto, 
wherein M is a cationic species. 
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22. The process of Claim 20, wherein the conditions effective to provide the 
organic sulfite intermediate of the generic formula R-(CO)0-S0 3 H in situ and 
to provide the surface modified carbonaceous material comprising a plurality 
of surface bonded sulfonic substituents of the general formula -S0 3 H 
comprise heating the components i) and ii) to at least approximately 70°C for 
at Least approximately 2 hours. 

23. The surface modified carbonaceous material of Claim 1, produced by a 
process comprising the steps of: 

a) contacting an anhydride of the generic formula (R-CO) 2 0 with sulfuric 
acid under conditions effective to provide an organic sulfite 
intermediate of the generic formula R-(CO)0-S0 3 H, wherein R is an 
aliphatic substituent; 

b) contacting a carbonaceous- material with the organic sulfite 
intermediate produced in step a) under conditions effective to provide a 
surface modified carbonaceous material comprising a plurality of 
"sulfonate substituents of the general formula -S0 3 H surface bonded 
thereto; and 

b) treating the surface modified carbonaceous material produced in step 
b) with a neutralizing agent under conditions effective to provide a 
surface modified carbonaceous material comprising a plurality of 
sulfonate substituents of the general formula -S0 3 M surface bonded 
thereto, wherein M is sodium, potassium, lithium or ammonium. 

24. An aqueous composition, comprising the surface modified carbonaceous 
material of Claim 1 and water. 

25. The composition of Claim 24, wherein the composition is an ink and wherein 
the composition further comprises at least one acrylic polymer and an organic 
solvent. 
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26. The composition of Claim 24, wherein the composition is an aqueous 
dispersion and wherein the surface modified carbonaceous material is a 
surface modified carbon black. 

27. The composition of Claim 26, wherein the surface modified carbon black is 
present in an amount in the range of from approximately 1.0 wt.% to 
approximately 40.0 wt% relative to the entire aqueous composition. 
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REACTION SCHEME 1- FORMATION OF SULFITE INTERMEDIATE 



(R-C0) 2 0+H 2 S0 4 R-COO-SO3 H+R-COOH 



REACTION SCHEME 2- SULFONATION OF CARBONACEOUS MATERIAL 
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REACTION SCHEME 3- NEUTRALIZATION OF SULFONATED CARBONACEOUS 
MATERIAL 
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